Proline is one of amino acid that usually accumulates inside the plant cell when facing drought stress. The accumulation of proline can protect the plant cell from damage during drought. The aim of this research was to determine proline content and yield components of local corn cultivars from Kisar Island, Maluku, Indonesia. The field trial was organized using randomized block design with three replicates. Six local corn cultivars found in Kisar Island (Deep Yellow, Early Maturing Yellow, Red Blood, Rubby Brown Cob, Waxy, and White) were used as plant materials and a recommended tolerance variety (Srikandi) was taken as reference group. Proline content was determined using ninhydrin method. Yield components variables included cob weight (at harvest, after air dry, after oven dried, at 12% of water content), cob water content at harvest, cob length, cob diameter, number of seed row per cob, number of seed per cob, and cob yield at 12% of water content. Data collected was analysed with analysis of variance followed by Duncan multiple range test at the significant level 0.05 using Statistical Analysis System/SAS software version 9.0. The result shows that highest proline content and yield components (except for cob water content) was showed by the Deep Yellow cultivar. The lowest proline content was showed by Rubby Brown Cob cultivar. The lowest corn yield components was showed by Red Blood local cultivar. Deep Yellow cultivar can be proposed as superior drought tolerance variety, and can be recommended for further wide cultivation in Maluku province.
Introduction
About 41% of Earth's land surface is covered by dryland. 1 In Indonesia, as much as 40% of agricultural land is dryland. 2 Kisar Island is part of Southwest Maluku district in Maluku province that known as dry area with dry climates and very low rainfall (991-1102 mm/year, or 19.05-21.19 mm/week). 3 In Maluku, this area also known as a major contributing area of corn. However, one of the problem associated with dryland and very low rainfall in this area is the low productivity of corn (1.0 t/ha with harvest area 16,460 ha). [4] [5] [6] When experiencing to dryland or drought environment conditions, plant have a special mechanism to overcome the drought stress like synthesis of osmolyte. 7 The synthesis and accumulation of osmolyte can protect plant cells from damage caused by drought stress. 8 One of the osmolyte that accumulate in the plant cell during drought is proline. 9, 10 The increasing of proline accumulation during drought stress in various plant species have been reported by many researcher such as on peanut, 11 soybean, 12 and patchouli. 13 In corn, proline accumulation due to drought have been reported at the germination stage, 14 vegetative stage, 15 and reproductive stage. 7, [16] [17] [18] Drought stress can also significantly affect plant production including corn. [18] [19] [20] Information regarding the potential yield and adaptability of the plants through the synthesis and accumulation of osmolyte is the most important factors that should be understandable by researcher or a breeder in order to obtain the best and stable genotype which can be used in a wider cultivation. This is caused by the phenotypic expression of a genotype can be changed in accordance with the ability to adapt to environmental conditions. In Kisar Island Southwest Maluku district, there are six local corn cultivars that have been cultivated by local people for a long time since many years. However, the potential yield and adaptability through proline synthesize and accumulation of six local cultivars has not been studied. The aim of this research was to determine the proline content and yield components, and wich one of these local corn cultivars that can be recommended for wider cultivation based on the proline content and yield components.
Materials and Methods
The plant materials consist of six local corn cultivars obtained from farmers in Kisar Island Plots size was 1.5×1.5 m. One plot with nine planting holes planted with four seeds per hole and thinned at thirty days after planting. There was 50×50 cm space between each planting hole in each plot. There was no fertilizer and watering applied during planting season. Observation were carried out on 1 purposed selected plants leaves at 65 days after planting using the second leaf from tip for proline analysis, while yield components analysis were conducted after harvesting from 3 selected plants.
Proline analysis was conducted following the nynhidrin method. 21 Fresh leaves with the weight of 0.25 g, 17 was milled in mortar and pestle, and homogenized with 10 mL of 3% sulphosalysilic acid (w/v). The homogenate then centrifugated at 6000 rpm for 15 minutes. The supernatant obtained was poured in-to new test tube and filtered using Whatman filter paper number 40. Two mililiters of supernatant was taken and added with 2 mL of glacial acetic acid and 2 mL of acid nynhidrin. The acid nynhidrin wich is consist of 60 mL of 2.5 grams nynhidrin in 100 mL of glacial acetic acid, 30 mL of aquadest and 10 mL of 85% phosphoric acid was prepared following the methods of Clausen. 22 The solution then heated at 100°C of boiling water for one hour, and incubated on ice for 5 minutes. The solution then extracted with 4 mL of toluene, and vortex vigorously for 10 second. The upper phase of solution was taken, and the absorbance was measured at 520 nm of wavelength by using UV-VIS Spectrophotometer. For the standart curve, series of proline concentration (2.5-20 µg/mL) was made using pure DL-prolin (Merck; Kenilworth, NJ, USA). Proline concentration then calculated and expressed as µmole/g fresh weight. The observation of corn yield was conducted when the husk turned to yellow or brownish. 23 The yield components observed were cob weight at harvest, cob weight after air dry, cob weight after oven dried, cob water content after air dry, cob weight at 12% of water content, cob length, cob diameter, number of seed row per cob, number of seed per cob, and cob yield at 12% of water content. Data then analysed using analysis of variance followed with Duncan multiple range test at the significant level of 0.05. Anova and Duncan was conducted with the assistance of statistical analytical system (SAS) version of 9.0.
Results and Discussion
The highest value of proline content was showed by Deep Yellow local cultivar and the lowest proline content was showed by Rubby Brown Cob local cultivar (Table 1) . Proline is an organic compound that most accumulated in plant when experience to drought stress. 24 The function of proline in the plant cell was to keep the stability or turgidity of the cell, and protect the cell from damage due to drought. 24 With the accumulation of proline inside the plant cell, it is expected to give a positive effect to the physiological process wich lead to the increase of plant yield.
The highest value of cob weight at harvest was showed by Deep Yellow cultivar, and the lowest one in the Red Blood cultivar (Table 1) . Cob weight showing the accumulation of water and organic materials contained in the seed. Accumulation of organic material associated with photosynthesis and distribution of photosynthate from the source to the plant organs wich serve as a place for the dumping of photosynthesis products (sink), in this case is corn seed. Similar to cob weight at harvest data, after the cob was air dried, the highest weight value also showed by the Deep Yellow local cultivar and the lowest one was obtained by the Red Blood local cultivar. After air dried for 30 days, cob weight become decreased about 2-6 grams compared with the cob weight at harvest. This was allegedly associated with the reduced of water content in the cobs. The water content in the cob can be decreased along with the length of storage time. This is caused by during storage the evaporation of water can still take place. Drying the cob in an oven lowering the water content in the seed. 25 When compared with at harvest, and cob weight at air dried, the cob weight after oven dried getting were decreased. Water content is the amount of water contained in the material expressed in percent (%). 26 Cob water content at harvest average is 19%. This is not in line with the previous result that stated that the average water content of grains such as sorghum and corn are 20-30%. 27 However, the water content is influenced by environmental conditions when harvest and also growth environmental condition. If the harvest was done in the dry season and environmental conditions too dry, then the seed water content can range between 17-20%. 2 Weight of cobs were measured on a 12% of water content. This is the balanced or equilibrium condition for the storage of corn grain. 28, 29 The cob length shows that cultivar with the highest cob length was Deep Yellow local cultivar, while the lowest cob length was Red Blood local cultivar. The length of cob size is related to the amount or composition of seed rows on the cob. The amount or composition of seed rows on the cob is closely linked to the success of pollination. In case of drought, little or no viable pollen were produced. If there are slightly fertile or viable pollen that formed, the succes of seed formation will also reduced, and this can affect the position of seed or seed row arrangement on the cob. Cultivars with highest cob diameter was Deep Yellow local cultivar (Table 1) . Cob diameter is one of agronomic traits that usually related to the size of seed. Cob diameter also affects the crop yield components. If the seed has length size, the cob diameter tend to larger. Also, the length and diameter of the cob is closely related to the results of a varieties. If the average cob length of one varieties is longger, this varieties are likely to have a higher yield.
Drought occurred in the flowering stage, unviable pollen is potentially to produce and this can leads a lower production, and decrease the number of seeds. 30 The number of seeds per cob related to the value of anthesis-silking interval because between male and female flowers there must be a synchronization to ensure succesful fertilization, wich in turn affect the formation of seeds. This is in accordance with other fundings that under drought conditions, the length time of male and female flower induction, will extend the length of anthesis-silking interval and will affect the corn yield, especilly the number of seeds on the cob. 31 The results showed that the highest yield of cob at the 12% of water content was obtained by Deep Yellow local cultivar (0.56 tonnes/ha, and the lowest one in the Red Blood local cultivar (0.23 ton/ha). In general, the cob yield of all cultivars is very low. This is related to the environmental conditions. Drought that occurred at the flowering stage, is potentially decrease the corn yield, 32 while if drought was occured during grain filling, this can leads the decrease of corn yields as much as 30-60%. 33 The proline content is associated with the yield component of corn. This means that genotype with high proline content tended to be high in the yield components (as found in the Deep Yellow local cultivar). Among six local corn cultivars and reference variety, the highest value of proline content and yield components (except for cob water content after air dry) was showed by Deep Yellow cultivar. Srikandi variety that was recommended by the Research Institute of Cerreal as a drought tolerant variety did not show better result on all variables observed compared with Deep Yellow local cultivar. Another researcher was stated that if a superior variety did not show a high result, 34 this was caused by the superior variety was gained by some selected optimum procedure and the observation of superior variety was done under optimum condition. Therefore the superiority of this variety under optimum condition does not always expressed under sub optimum condition.
Article
Regarding to the tolerance to drought, it was predicted that Deep Yellow cultivar was the most tolerant cultivar that can adapt to the environment of Kisar Island as it's natural habitat compare with other local cultivar and reference variety. This result was strong supported by statement of, 34 that if the observed value of one traits from one cultivar were highest than the observed value of one traits from a reference variety (tolerance to drought), the genotype was more tolerant to drought. This suggests that based on the proline content and yield components, the Deep Yellow local corn cultivar are effective to measure the adaptation of corn cultivars, and can be recommended for further cultivation.
Conclusions
The highest proline content and yield components (except for cob water content) was obtained in Deep Yellow cultivar. The lowest proline content was obtained by Rubby Brown Cob cultivar. The lowest corn yield components (except for cob water content when harvest) was obtained by Red Blood local cultivar. Deep Yellow cultivar can be proposed as superior drought tolerance variety, and can be recommended for further wide cultivation in Maluku province.
